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REAR VIEW MIRROR WITH SNAP CONNECTION 

Background of the Invention 
Cross Reference to Related Applications 
This application claims the benefit of U.S. Provisional Application Serial No. 
5 60/3 19,408, filed on July 19, 2002. 

Field of the Invention 

The invention relates to an external vehicle mirror assembly and, more 
particularly, to an external vehicle mirror assembly comprising snap fit connectors for 
10 connecting selected components of the vehicle mirror assembly, such as a reflective 
element tilt actuator mounted to a support frame, or a support frame mounted to a 
mirror housing or shell. 



Description of the Related Art 

15 External mirror assemblies are ubiquitous for contemporary motor vehicles 

and have long been used to aid the driver in operating the vehicle, especially in 
improving the rearward view of the driver. Selected components of the mirror 
assemblies must be connected during the assembly process. For example, a tilt 
actuator assembly used to adjust the mirror to provide a proper field of view is 

20 typically mounted to a rigid frame within the mirror assembly housing and is operably 
connected to a reflective element. The rigid frame is typically mounted within the 
mirror assembly housing to provide structural support to the housing and connected 
the mirror assembly to the vehicle. The various connections are typically made with 
threaded fasteners, such as screws. The fasteners are separate components which an 

25 assembler must select in the proper number and properly install in order to properly 
assemble the mirror. 

At times, the correct number of fasteners may not be installed. Also, the fasteners 
may not be tightened to the proper torque, thereby loosening over time so that the 
mirror assembly no longer operates satisfactorily. The failure to install the correct 
30 number of fasteners or to tighten the fasteners to the proper torque requires a costly 
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replacement of the affected part(s) and can contribute to a reduction in vehicle safety 
due to operational failure of the mirror assembly. 

Summary of the Invention 

5 In one aspect, the invention relates to an improved vehicular mirror assembly 

comprising a mirror base adapted to be mounted to a vehicle; a mirror shell mounted 
to the base and comprising a rearwardly-facing opening; a reflective element mounted 
within the mirror shell in register with the rearwardly-facing opening; a tilt actuator 
mounted to at least one of the mirror shell and the base, and to the reflective element 

10 for tiltably actuating the reflective element; the improvement comprising: at least one 
of the mountings between a first component and a second component, the first and 
second component mountings being between at least one of (1) the base and the 
mirror shell; and (2) the tilt actuator and the at least one of the mirror shell and the 
base, comprises a snap-fit connection which securely retains the first component to 

15 the second component. 

In another aspect, the invention relates to a snap-fit assembly for 
interconnecting selected components of a vehicular mirror assembly, the components 
comprising a mirror housing, a mounting frame having at least one of a first mounting 
aperture, and a tilt actuator assembly having at least one of a second mounting 

20 aperture, the snap-fit assembly comprising: at least one of a first mounting stud 
comprising a first portion having a first diameter and a second portion having a 
second diameter smaller than the first diameter, the second portion adapted for snap 
fit communication with the at least one of the first mounting aperture and the first 
portion adapted for supporting communication with the mounting frame; and at least 

25 one of a second mounting stud comprising a first portion having a first diameter and a 
second portion having a second diameter smaller than the first diameter, the second 
portion adapted for snap fit communication with the at least one of the second 
mounting aperture and the first portion adapted for supporting communication with 
the tilt actuator assembly. 

30 In a further aspect, the invention relates to a vehicular mirror assembly 

comprising: a mirror housing adapted to enclose a mounting frame and a tilt actuator 
assembly; and having at least one of a first mounting stud; a mounting frame enclosed 
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within the mirror housing having at least one of a first mounting aperture and at least 
one of a second mounting stud; a tilt actuator assembly having at least one of a second 
mounting aperture; and wherein the at least one of a first mounting stud comprising a 
first portion having a first diameter and a second portion having a second diameter 

5 smaller than the first diameter, the second portion adapted for snap fit communication 
with the at least one of the first mounting aperture and the first portion adapted for 
supporting communication with the mounting frame; and wherein the at least one of a 
second mounting stud comprising a first portion having a first diameter and a second 
portion having a second diameter smaller than the first diameter, the second portion 

10 adapted for snap fit communication with the at least one of the second mounting 
aperture and the first portion adapted for supporting communication with the tilt 
actuator assembly. 

Various embodiments of the invention are also contemplated. The mounting 
can further comprise an aperture on the first component and a stud on the second 
15 component, wherein the stud can be adapted to be snap-fit within the aperture to 
securely mount the stud within the aperture. <The stud can comprise a first portion 
having a first diameter and a second portion having a second diameter smaller than 
the first diameter, the second portion is thereby adapted for snap fit communication 
with the aperture. 

20 The stud can be integrally formed with the to the second component. The 

second portion of the mounting stud can comprise a neck portion and a bulb end, and 
the neck portion can have a diameter smaller than the diameter of the bulb end. The 
bulb end can comprises an annular face having an approximately 45° bevel. The neck 
portion can comprise a truncated cone inclined approximately 10°. The aperture can 

25 comprise an aperture wall inclined approximately 10°. The stud can comprise a bore 
extending coaxially therethrough. At least one of the first and second components can 
be made from a material selected from the group consisting of: glass-filled nylon, 
acetal, polyester, an ABS plastic. 

The at least one of a first mounting stud can be integrally attached to the 

30 mirror housing. The at least one of a second mounting stud can be integrally attached 
to the mounting frame. The first portion of the at least one of a first mounting stud 
can be rigidly attached to the mirror housing. The first portion of the at least one of a 
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second mounting stud can be rigidly attached to the mounting frame. The second 
portion of the at least one of a first mounting stud can comprise a neck portion and a 
bulb end, the neck portion having a diameter smaller than the diameter of the bulb 
end. The bulb end can comprise an annular face having an approximately 45° bevel. 
5 The neck portion can comprise a truncated cone inclined approximately 10°. 

One of the at least one of a first mounting aperture and the at least one of a 
second mounting aperture can comprise an aperture wall inclined 10°. One of the at 
least one of a first mounting stud and the at least one of a second mounting stud can 
comprise a bore extending coaxially through the one of the at least one of a first 
10 mounting stud and the at least one of a second mounting stud. 

The mounting bracket can comprise a glass-filled nylon and the mirror 
housing can comprise acetal. The mounting bracket can comprise a polyester and the 
mirror housing can comprise an ABS plastic. At least one of the mirror housing and 
the mounting bracket can be injection molded. 

15 

Brief Description of the Drawings 
In the drawings: 

Figure 1 is a perspective view of a portion of a motor vehicle having an 
attached mirror assembly according to the invention. 
20 Figure 2 is an exploded view from the front of a first embodiment of the 

mirror assembly of Figure 1 showing the alignment of mounting studs and a tilt 
actuator. 

Figure 3 is an exploded view from the rear of the mirror assembly of Figure 2. 
Figure 4 is a close-up perspective view of the mounting studs installed in the 
25 tilt actuator. 

Figure 5 is a cross-sectional view of a mounting stud of Figure 2 taken through 
line 5-5. 

Figures 6A-C are a sequence of close-up sectional views of the installation of 
the mounting studs in the tilt actuator. 
30 Figure 7 is a perspective view of a second embodiment of the mirror assembly 

of Figure 1 showing a mounting frame supporting a tilt actuator assembly mounted 
within a mirror housing. 



4 



\ J WO 2004/009408 PCT/US2003/022196 



Figure 8 is a perspective view of the underside of the mirror assembly shown 

in Figure 7. . 

Figure 9 is a first exploded view of the mirror assembly shown in Figure 7 . 
Figure 10 is a second exploded view of the mirror assembly shown in Figure 

5 7. 

Figure 1 1 is a perspective view of the mirror assembly shown in Figure 7 with 
the tilt actuator assembly removed for purposes of clarity to show the attachment of 
the mounting frame within the mirror housing. 

Figure 12 is a sectional view taken along line 12-12 of Figure 11. 
10 Figure 13 is a perspective view of the mirror assembly shown in Figure 7 with 

the tilt actuator assembly and the mounting frame removed for purposes of clarity. 

Figure 14 is a sectional view taken along line 14-14 of Figure 7. 

Description of an Embodiment of the Invention 
15 As shown in Figure 1, an exterior motor vehicle mirror assembly 10 is 

mounted in a conventional fashion to a motor vehicle 12. The mirror assembly 10 
comprises a mirror housing 14 (also referred to herein as a shell) enclosing a 
reflective element 16. Referring also to Figures 2 and 3, a mounting bracket 18 is 
fixedly mounted within the mirror housing 14 and supports a mounting panel 20 to 
20 which is mounted the reflective element 16. A tilt actuator 22 is operably interposed 
between the mounting bracket 18 and the mounting panel 20 for vertical and 
horizontal tilting of the reflective element 16 in order to adjust the field of vision. 

According to the invention, the tilt actuator 22 is mounted to the mounting 
bracket 18 through a plurality of mounting studs 24 inserted through mounting 
25 apertures 26 in the tilt actuator 22, as shown in Figure 4. In a preferred embodiment, 
the mounting apertures 26 have an internal narrowing taper of approximately 10° in 
the direction of the arrows shown in Figures 6A-C. 

The mounting studs 24 are fixedly attached to the mounting bracket 18. In the 
preferred embodiment, the mounting studs 24 comprise part of an injection-molded 
30 mounting bracket, as shown in Figures 9 and 10. Alternatively, the mounting studs 24 
can comprise separate components which are attached to the mounting bracket 18, 
such as through an adhesive or welding, in order to mate with the mounting apertures 
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26 in the tilt actuator 22. Alternatively, studs can be attached to a tilt actuator for 
register with suitable mating apertures in a mounting bracket. 

Referring now to Figure 5, the mounting studs 24 comprise a columnar- 
shaped, stepped body having a first end 30 and a second end 32. The second end 32 

5 comprises an annular major wall 34 forming a generally cylindrical skirt 44 with an 
annular skirt bore 50 extending therethrough. The first end 30 comprises an annular 
minor wall 38 forming a generally cylindrical post 48 with an annular post bore 54 
extending therethrough. Intermediate the first end 30 and the second end 32 is an 
annular intermediate wall 36 forming a generally cylindrical collar 46 with an annular 

10 collar bore 52 extending therethrough. The major wall 34 transitions inwardly to the 
intermediate wall 36 through an annular arcuate shoulder 40. The intermediate wall 
36 transitions inwardly to the minor wall 38 through an annular shoulder 42. The 
major wall 34 comprises a cylindrical skirt bore surface 56 to form the skirt bore 50. 
The intermediate wall 36 comprises a cylindrical collar bore surface 58 to form the 

15 collar bore 52. The minor wall 38 comprises a cylindrical post bore surface 60 to 
form the post bore 54. The skirt bore surface 56 transitions inwardly to the collar 
bore surface 58 through a first transition surface 62. The collar bore surface 58 
transitions inwardly to the post bore surface 60 through a second transitions surface 
64. The post 48 comprises a neck portion 66 adjacent the annular shoulder 42 and 

20 terminates in a post bulb portion 68 at the first end 30. In a preferred embodiment, 
the neck portion 66 is provided with a taper of approximately 10° to provide for 
mating register with the tapered mounting apertures 26. The post bulb portion 68 has 
an annular inclined lead-in face 69. In a preferred embodiment, the lead-in face 69 is 
inclined 45° as shown by angle a in Figure 5. The diameter of the post bulb portion 

25 68 is preferably approximately 10% greater than the diameter of the mounting 
aperture 26. 

Referring now to Figures 6A-C, the tilt actuator 22 is attached to the mounting 
studs 24 by inserting the posts 48 into the mounting apertures 26. The post bulb 
portion 68 has a diameter slightly greater than the diameter of the mounting aperture 
30 26, and the neck portion 66 has a diameter essentially equal to the diameter of the 
mounting aperture 26. As the post bulb portion 68 is inserted into the mounting 
aperture 26, the post bulb portion 68 resiliency deforms inwardly through constriction 
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of the post bore 54. The mounting stud 24 is inserted through the mounting aperture 
26 so that the post bulb portion 68 extends beyond the mounting aperture? 26- and the 
neck portion 66 is retained in the mounting aperture 26. As the post bulb portion 68 
passes through the mounting aperture 26, the post bulb portion 68 expands outwardly . 
5 to assume its original configuration, thereby locking the mounting stud 24 to the tilt 
actuator 22. The tilt actuator 22 rests against the annular shoulders 42 of the 
mounting studs 24. 

Figures 7-14 illustrate an alternative embodiment of the mounting studs and 
their incorporation into a mirror assembly. As can be readily understood from 

10 comparing the mounting stud 24 shown in Figure 5 with the mounting stud 94 shown 
in Figure 14, the alternate embodiments of the mounting studs 24, 94 differ slightly in 
structure but operate in essentially the same manner. Figure 7 shows a mirror 
assembly 70 comprising a mirror housing or shell 72 enclosing a mounting bracket 74 
and an actuator assembly 76. Other elements of the mirror assembly 70, such as a 

1 5 reflective element assembly, a wire harness, and a mounting base, are omitted for 
purposes of clarity. 

As shown in Figure 9, the shell 70 comprises a distal end 82 and a proximal 
end 84. A lower portion of the shell 70 comprises a shell floor 86 at the distal end 82 
terminating in a generally U-shaped bracket opening edge 88 at the proximal end 84. 

20 The bracket opening edge 88 comprises a distal edge 90 adjacent the shell floor 86. 
The bracket opening edge 88 defines a floor opening 92 providing access to the 
interior of the shell 70. The shell 70 also comprises a front wall 124 extending from 
the distal end 82 to the proximal end 84. As shown in Figure 13, a generally cylinder- 
shaped boss 122 extends rigidly inwardly from the front wall 124 near the distal end 

25 82. 

Referring to Figures 8, 10, and 13, the proximal end 84 comprises a proximal 
wall 96 terminating in an outwardly extending proximal lip 100, having an outwardly 
extending arcuate edge 102, to define a wall opening 98 in register with the floor 
opening 92. A pair of mounting studs 94, described hereinafter, extend outwardly 
30 from the wall opening 98 adjacent the proximal lip 100. 

As shown in Figures 8-11, the mounting bracket 74 is an elongated, 
irregularly-shaped member having a distal end 104 and a proximal end 106. The 
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distal end 104 comprises a somewhat plate-like actuator mounting frame 108 having a 
plurality of mounting studs 1 10 extending generally orthogonally therefrom and 
adapted for supporting the tilt actuator assembly 76. The actuator mounting frame 
108 terminates in a circular frame detent 118 comprising a stop collar 120 adapted for 

5 slidable communication with the boss 122, as shown and in Figures in 11 and 12. The 
proximal end 106 comprises an arcuate wall 114 adapted for register with the arcuate 
edge 102 and the wall opening 98, as shown in Figure 8. The arcuate wall 114 
comprises an end face 130 having a pair of apertures 132 adapted to receive the 
mounting studs 94 in a snap-fit communication, as hereinafter described. 

10 Intermediate the actuator mounting frame 108 and the arcuate wall 1 14 is a 

pivot housing 112 adapted for receipt of a pivot assembly (not shown) for pivoting of 
the mirror assembly 70 between a first position folded against the vehicle and a 
second position extending outwardly from the vehicle. At a lower portion of the 
mounting bracket 74 intermediate the pivot housing 112 and the mounting frame 108, 

15 the mounting bracket 74 terminates in a downwardly depending shell lip 152 adapted 
for communication with the distal edge 90. As shown in Figure 8, the shell lip 152 
will be supported along the distal edge 90 when the mounting bracket 74 is inserted 
into the shell 72. 

Figure 14 shows the structure of the mounting stud HO attached to the 
20 mounting bracket 74 and supporting the tilt actuator assembly 76. It will be 

understood that the mounting stud 94 attached to the proximal end 84 of the shell 72 
and the mounting stud 1 10 are identical in basic structure and operation. The 
mounting stud 110 comprises an annular support post 148 and an annular snap post 
154, together defining a bore 138 therethrough having a bore surface 140. In a 
25 preferred embodiment, the bore 138 is uniformly tapered somewhat through the snap 
post 154 and the support post 148. The support post 148 extends from the mounting 
bracket 74 and is adapted with a shoulder 150 against which the tilt actuator assembly 
76 is retained. The shoulder 150 transitions to the snap post 154, which has a 
diameter somewhat less than the diameter of the support post 148. 
30 The snap post 154 comprises a neck 146 transitioning to a bulb end 156. The 

neck 146 is in the shape of a truncated cone. The bulb end 156 has a diameter 
somewhat greater than the diameter of the neck 146. The bulb end 156 transitions to 
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a lead-in face 136 terminating and a boss and 134. In a preferred embodiment, the 
- - lead-in face 136 is inclined outwardly 45°, as shown in Figure 14. In another ~ 
embodiment, shown in figure 12, a slot 158 having a width approximately equal to the 
diameter of the bore 138 extends diametrically through the snap post 154 to separate 
5 the snap post 154 into two generally semicircular fingers. 

As shown in Figures 9 and 10, the tilt actuator assembly 76 comprises an inner 
cover 78 and an outer cover 80 adapted for mating communication and enclosure of 
well-known components making up a tilt actuator, such as motors, clutches, jack 
screws, and the like (not shown for purposes of clarity). The inner cover 78 is 
10 provided with a plurality of apertures 126, and the outer cover 80 is provided with a 
plurality of apertures 128 in coaxial register with the apertures 126. When the outer 
cover 80 and the inner cover 78 are brought into operable communication to form the 
tilt actuator assembly 76, the apertures. 126 will be in coaxial alignment with the 
apertures 128 and adapted for register with the mounting studs 110. As shown in 
15 Figure 14, the apertures 128 define an aperture wall 142. In a preferred embodiment, 
. the aperture wall 142 has an angle of inclination p" of approximately 10°. The neck 
146 is similarly inclined for cooperative register with the aperture wall 142 when the ■ 
bulb end 156 is inserted through the aperture 128. 

The shell 72 and the mounting bracket 74 are preferably fabricated of a plastic 
20 or polymeric material having suitable strength and durability, particularly a relatively 
high modulus of elasticity, for the purposes described herein. As an example, a 
suitable material for the bracket 74 can comprise a glass-filled nylon, such as Capron 
8267, and a suitable material for the shell 72 can comprise acetal, such as UltraForm 
230. Other materials for the bracket 74 can comprise a polyester, such as Ultradur 
25 B4300, and for the shell 72 an ABS plastic, such as Cycolac XI 1. In a preferred 

fabrication process, the shell 72 and the bracket 74 are injection molded. A steel pin 
is used to form the bore 138. After completion of the injection process, the pin is 
removed, followed by ejection of the injection-molded part from the mold. 

To assemble the tilt actuator assembly 76 to the mounting bracket 74 and the 
30 mounting bracket 74 into the shell 72, the bulb end 156 is inserted through the 

apertures 126-128 and 132, respectively. As the bulb end 156 moves through the 
apertures 126-128 and 132, the bulb end 156 will be compressed radially inwardly. 
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The bulb end 156 will then emerge from the apertures 126 3 28 and 132 whereupon 
the bulb end 156 will expand radially outwardly to communicate with the apertures ; 
126-128 and 132 in a snap-fit relationship. Furthermore, as the mounting studs 94 are 
inserted through the mounting bracket apertures 132 to secure the mounting bracket 
5 74 into the shell 72, the boss 122 will be received in the frame detent 118, thereby 
providing additional resistance to movement of the mounting bracket 74 relative to 
the shell 72. In a preferred sequence, the mounting bracket 74 is first installed into 
the shell 72 followed by installation of the tilt actuator assembly 76 to the mounting 
bracket 74. The shell, mounting bracket, and tilt actuator assembly 72-76 will be 
10 quickly and accurately attached to each other without the necessity of installing 
separate fasteners. If the parts subsequently require separation, the tilt actuator 
assembly 76 can be readily removed from the mounting bracket 74, and the mounting 
bracket 74 can be readily removed from the shell 72, through the imposition of a 
sufficient pulling force. Should any of the snap posts 154 be separated from the 
15 support posts 148 during this operation, a conventional threaded fastener threaded into 
the bore 138 can be used to join the parts 72-76. 

The use of the novel mounting studs rather than threaded fasteners provides a 
secure mounting of the tilt actuator to the mounting frame, and the mounting frame to 
the shell. With the mounting studs attached to or integrated into the mounting frame 
20 and the shell, the proper number of connections is always available. The snap-fit 

assembly of the mounting studs to the tilt actuator or the mounting frame obviates the 
careful attention to proper torque required with the use of threaded fasteners, thereby 
simplifying assembly while ensuring that an effective long-lasting assembly is made. 
While the invention has been specifically described in connection with certain 
25 specific embodiments thereof, it is to be understood that this is by way of illustration 
and not of limitation, and the scope of the appended claims should be construed as 
broadly as the prior art will permit. 



10 



